Traditionally, surgeons were taught that local anesthesia containing epinephrine should not be injected into fingers. This idea has since been refuted in many basic and clinical scientific studies, and today, injection of lidocaine plus epinephrine is widely used for digital and hand anesthesia in Canada. The key advantages of the wide-awake technique include the creation of a bloodless field without the use of an arm tourniquet, which in turn reduces the need for conscious sedation. The use of local anesthesia permits active motion intraoperatively, which is particularly helpful in tenolysis, flexor tendon repairs, and setting the tension on tendon transfers. Additional benefits of wide-awake anesthesia include efficiencies and cost savings in outpatient surgical case flow due to the absence of conscious sedation.
B
asic and clinical scientific studies have shown that epinephrine can be injected safely into the finger and hand. Lidocaine plus epinephrine for local anesthesia provides anesthesia and a bloodless field through vasoconstriction, which can eliminate the need for a pneumatic tourniquet during hand surgery. Lack of an arm tourniquet typically makes intravenous sedation unnecessary and allows the use of wide-awake anesthesia, so that patients can voluntarily move their fingers intraoperatively, thereby enabling the surgeon to make fine adjustments to repaired tendons, joints, and bones before closing the skin. Eliminating sedation has many benefits for patients and surgeons.
Safety of Epinephrine in the Finger
The idea that epinephrine should never be injected into fingers originated sometime between 1920 and 1940, when procaine was used with and without epinephrine, with resulting reports of finger necrosis. Nearly all of the 48 reported cases of finger necrosis attributable to procaine local anesthesia occurred before 1950, with most implicating procaine injected without epinephrine. 1 Procaine is quite acidic, with a pH of 3.6, and it further acidifies to a pH as low as 1 with prolonged storage; this acidity, not the addition of epinephrine, is likely responsible for the historical reports of finger necrosis. 2 Lidocaine, by contrast, has been used safely both with and without epinephrine. An extensive review of the literature from 1880 to 2000 revealed no documented cases of finger necrosis resulting from local anesthesia with lidocaine plus epinephrine. cases of accidental injection of epinephrine 1:1,000 into the hand from six poison centers in Texas. Of these, 213 were in the digits; 127 had complete follow-up. None of the fingers exhibited signs of necrosis. Given that high-dose accidental epinephrine finger injection has never been associated with finger necrosis, it is extremely unlikely that the use of more dilute epinephrine in local anesthetic would result in finger necrosis.
Phentolamine Antidote to Epinephrine Vasoconstriction
Phentolamine, an alpha antagonist, is the antidote to epinephrineinduced vasoconstriction in the finger. In 2003, phentolamine was proven to reliably reverse epinephrine vasoconstriction in the human finger. 9 In this study, 18 volunteers associated with the Dalhousie University hand surgery program had both long fingers injected in three places with lidocaine with epinephrine. It took an average of 85 minutes to completely reverse finger epinephrine vasoconstriction following phentolamine injection.
Injection Technique Dilution
Although there is evidence that up to 35 mg per kg lidocaine with epinephrine can be safely injected, 10 the senior author (D.L.) prefers to use the conservative traditional upper limit of 7 mg per kg. For a person weighing 70 kg (154.3 lb), this equates to 490 mg or 49 mL of 1% lidocaine with epinephrine 1:100,000. If >50 mL of volume is required, saline is added to make up the difference. Up to 150 mL of saline can be added to 50 mL of lidocaine and epinephrine 1:100,000 to make up to 200 mL of 0.25% lidocaine with epinephrine 1:400,000, which is effective for hemostasis and anesthesia.
Injection Location
When hemostasis is required, the senior author (D.L.) recommends injecting approximately 2 mL of 1% lidocaine with epinephrine 1:100,000 into the palmar and dorsal subcutaneous tissues of each proximal and middle phalanx where dissection will occur (Figure 1 ). For the distal phalanges, no more than 1 mL is needed.
If only a sensory block is required, the single subcutaneous injection in the midline of the proximal phalanx with lidocaine and epinephrine (SIMPLE) technique is sufficient. In the SIMPLE block, 2 mL of 1% lidocaine and epinephrine 1:100,000 is injected into the subcutaneous fat located between both digital nerves (Figure 1, A) .
Evidence demonstrates that patients prefer the SIMPLE block to the two-injection dorsal block. 11 SIMPLE blocks with epinephrine provide digital anesthesia for an average of 10.4 hours, whereas those without epinephrine last an average of 4.9 hours.
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The White Finger
Typically, the fingertip is not blanched following injection of epinephrine 1:100,000 into the proximal or middle phalanges, which is where most injections are performed. In most cases, the finger is blanched only where the epinephrine is injected. Capillary fingertip blood gas parameters pO 2 and SaO 2 have been shown not to decrease significantly with lidocaine-epinephrine blocks injected at the base of the finger. 13 In the setting of complete, sustained blanching of the fingertip, the blanched portion of the finger takes an average of 380 minutes to return to normal color. 9 For a fingertip that remains white longer than expected, 1 mg of phentolamine diluted in 5 mL of saline can be injected wherever the epinephrine was injected. This will reverse the vasoconstriction within 85 minutes. The senior author (D.L.) has never had to use phentolamine rescue injection in >2,000 finger injections containing epinephrine. Most fingers do not require prolonged monitoring by health professionals because usually some capillary refill is present at the conclusion of surgery, and patients are instructed to return to the clinic or emergency department if the fingertip is not pink within 6 hours.
Contraindications and Complications
Caution is advised in all low-flow finger perfusion states, such as Buerger disease, as well as in patients with renal failure or connective tissue diseases, such as severe scleroderma. In general, however, if the finger is well-perfused before injection, excellent capillary refill will be seen after the epinephrine has worn off, unless the surgery itself damages finger blood flow, as can occur in surgical procedures such as Dupuytren contracture release.
Two minor adverse events are common following epinephrine injection. The first is the jitters or shakes. Prior to injection, patients should be advised that they may feel a little jittery or shaky following injection and that this sensation usually dissipates within 15 to 20 minutes. Epinephrine has an intravascular half-life of 1.7 minutes. 14 The second adverse event, vasovagal fainting, can occur following any injection or procedure. Injecting patients while they are supine reduces the risk of injury from fainting. Fainting is best managed by lowering the head and flexing the hips and knees to increase cerebral blood flow. 15 Digital necrosis is the greatest potential complication of injecting epinephrine into the finger. However, no finger loss has been reported in association with the injection of lidocaine and epinephrine into fingers.
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The Wide-awake Approach for Specific Surgical Procedures
Flexor Tendon Repair
A recent study of 102 consecutive patients treated with wide-awake flexor tendon repair noted no tendon ruptures when the postoperative active motion protocol was followed.
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The authors attributed the low rupture rate to the ability to identify and re-suture tendon repair gaps seen when the awake patients actively fully flexed and extended their fingers intraoperatively. Methods of local anesthetic injection for flexor tendon repair have been published, along with video illustration.
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Tendon Transfer
One of the most challenging aspects of tendon transfer surgery is setting the appropriate tension on the repair. Postoperative evaluation of seven patients who underwent extensor indicis proprius to extensor pollicis longus tendon transfer with the wide-awake technique demonstrated that proper tension had been set in all transfers. 19 Several patients required intraoperative tension adjustments for repairs that were either too A, Illustration of the sites of volar injection of local anesthesia in finger and hand surgery. When only a sensory block of the finger is required, 2 mL is injected into the areas designated by the blue dots. This finger block is called the SIMPLE (single subcutaneous injection in the middle of the proximal phalanx with lidocaine and epinephrine) block. To achieve hemostasis and local anesthesia for palmar finger surgery, 1% lidocaine with epinephrine 1:100,000 is injected into the midline subcutaneous fat between the digital nerves in each area designated by a dot. B, Illustration of the sites of dorsal injection. To achieve hemostasis and local anesthesia, 1% lidocaine with epinephrine 1:100,000 is injected into the midline subcutaneous fat in each area designated by a dot. In each illustration, 2 mL is injected at the site of the blue and red dots, 1 mL into the site of the green dots, and 5 mL into the site of the orange dots. 
Elective Surgery
In Canada, most carpal tunnel operations are now performed in minor procedure rooms outside the main operating room with locally injected lidocaine with epinephrine anesthesia, using field sterility. 20 Dispensing with the tourniquet eliminates the need for sedation, monitoring, and intravenous insertion, all of which are required when the procedure is performed in the main operating room. The same applies to trigger finger release and other common hand procedures, such as flexor tendon ganglion excision, de Quervain release, and soft-tissue mass excision.
In the field sterility setting, the hand is square-draped with four sterile towels, and the surgeon wears only a mask and sterile gloves. The patient is not fully draped, and the surgeon does not wear a gown. In a prospective multicenter study of 1,504 consecutive cases of carpal tunnel releases performed with field sterility outside the main operating room, the superficial infection rate was only 0.4%. 21 No deep infections occurred.
Among hand surgeons, the wideawake approach is frequently referred to as the wide-awake local anesthesia technique (WALANT). In addition to the aforementioned indications, WALANT has also been used in conjunction with hand fractures, 22 trapeziectomy, 23 Dupuytren contracture, 24 and wrist arthroscopy/ triangulofibrocartilage complex repair.
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Cost Savings
A Canadian study found that twice as many carpal tunnel releases could be performed at one quarter the cost by performing the surgery in minor procedure rooms with field sterility rather than in the main operating room with full sterility. 20 Similar data have been published in the United States. 26 In the senior author's (D.L.) practice, three carpal tunnel releases can be performed per hour in minor procedure rooms with only one surgeon and one nurse assistant. In the main operating room, 2 hours and three nurses are needed to perform three carpal tunnel releases, as well as the addition of the nursing staff required in the post-anesthetic care unit. A British hand surgery team calculated that they had saved the National Health Service £750,000 ($1,160,000) for the 1,000 wideawake hand surgery cases reported on in their study.
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Summary
The wide-awake approach, using local anesthesia and epinephrine, offers the advantages of convenience, time and cost savings, and enhanced quality of surgery for both patient and surgeon. Unlike many changes in medicine, this one requires less technology and less expense. The evidence for the safety of epinephrine in hand surgery is favorable.
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